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Abstract: We report on a CW fiber OPO, whose output wavelergin be tuned over the 1463-1674nm range, by
means of a tunable intracavity filter. Over 1W ofput power can be extracted at long wavelengths.
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1. Introduction.

Fiber optical parametric oscillators (OPOs) haverbavestigated in recent years, as they have dbenpal for
providing tunable radiation in regions of the oplispectrum not well covered by the main laseresyst[1]. Most
of the work has been performed with pulsed pumpschvcan provide high peak powers, and hence leathaort
OPOs that can be made from relatively lossy fibetgsh as microstructured fibers. Powers obtainabth
continuous-wave (CW) pumps are lower, and so latgagths of low-loss fibers are required. This tsni
performance, compared to pulsed pumps, and ask fes CW fiber OPOs have been investigated [2536}. To
date the emphasis has been on obtaining largeguaimges. Since this is helped by reducing alldssgcluding
those due to output coupling, all demonstrationddte have yielded relatively low output powers andversion
efficiencies. For example the OPO of Ref. [6], drivby a 5-W pump, only had a maximum output povexbout
125 mWw.

Here we report on a tunable fiber OPO withdB output coupling fraction, suitable for extiagthigh powers
from the resonator, with high efficiency: specifigave have obtained over 1 W of output power n&&r0 nm, for
2 W of pump power incident on the resonator, witmaximum external conversion efficiency of 61%. Alsvith
the same output coupler, the output wavelengthdcbaltuned in the 1463-1674 nm range, coveringthand XL-
band, not available with erbium-doped fiber ameldi (EDFAs) and lasers (EDFLS).

2. Experimental Setup

The experimental setup is shown in Fig. 1. A tuadhbker source was used as pump at 1561.5 nm.urhp fight
was then phase-modulated by a 10 Gb/s pseudo-rahit@ry sequence (PRBS) source, to suppress thelated
Brillouin scattering (SBS). After this a 3-W EDFAaw used in order to boost the pump power, follobxed 1 nm
bandwidth filter to filter out the amplified spongous emission (ASE). Then a wideband WDM coupler
(1480/1550) was used to couple with low loss pumgbiatracavity signal into a 340-m long highly nibmear fiber
(HNLF). The HNLF had nonlinearity coefficient= 15 W'km™, and zero dispersion wavelength (ZDW) at 1560
nm. After it a 20-dB coupler was used to measueeSBS power, and the input power to the HNLF, whigts 33
dBm. After the HNLF a 3-dB coupler was used to deumlf of the power out of the resonator, anddapte the
other half back into the resonator. Then in th@masor a narrow tunable bandpass filter (TBPF) wsed, which
had an insertion loss of 5 dB, and a tuning rangengling from 1460 to 1575 nm. Total cavity lossswneasured
to be 9.8 dB.

3. Results.

To get the OPO to oscillate, the OPA gain for tigaal must be higher than the intracavity losskis; ¢could readily
be achieved with the pump power injected into tbsonator. Figure 2 shows OPO output spectra aatdior
various settings of the intracavity tunable filt&€his shows that OPO lasing could be obtained figi®3 to 1674
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nm, which corresponds to a 211-nm wide tuning raidso, our OPO output spectra were narrower tingi], as
we used a very narrow intracavity filter (0.01 nemtwidth).
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Figure 1. Experimental setup of the CW Fiber OPO.
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Figure 2. OPO ouput spectra obtained for diffesattings of the bandpass filter.

The peak output power variation with signal wavgtbnis shown in Fig. 3. This shows an output sigmaker in
the vicinity of 1 W from 1600-1670 nm. Peak powensthe Stokes side are as much as 7.1 dB highethlegpump
output power, which indicates strong pump depleteomd hence high conversion efficiency. This sholve we
have a much higher conversion efficiency than agtein previous work [4,6]. We defined external wersion
efficiency as the ratio of output signal power amput pump power launched into the HNLF. Fig. 3¢hpws the
external conversion efficiency variation with wasmgth, which reaches as high as 61 %. By contitastexternal
conversion efficiency in the most recent work, R&fis only 2.5 %. To our knowledge this is thetbegernal
conversion efficiency achieved to date with a fikdPA, together with such a large tuning range. Seral we
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achieved a tuning range comparable to the maximthieged so far [6], but with considerably highetpui power
and external conversion efficiency.
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Figure 3. (a) OPO output power versus output wangtte (b) External conversion efficiency versuspotitvavelength.

4, Conclusion.

We have shown that by using a 3-dB output cougleektracting power from a fiber OPO, we can obtaiar 1-W
output power at long wavelengths (1600-1670 nmgl, &h % peak external conversion efficiency. ThisOOd&so
exhibits a tuning range in excess of 200 nm. Thislination of high output power and large tuninggein a CW
source could be attractive for a number of appbicat such as Raman pumping for optical communinatge-safe
atmospheric optical communication, remote sen®ta,
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